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(54) Ntegasonic plating system 

(57) A plating ceD for electro-less plating of articles, 
for exanrpie. semiconductor wafers (74) contained in a 
carrier or "boaf (72). incorporates a megasonic trans- 
ducer (24) in the piatnig cell and a rotational drive (80. 
82) supporting the wafer carrier (72) in the plating celL 
The megasonte transducer (24) appfies acoustic energy 
at megasonic frequencies to the solution Iri the ceil dur- . 
ing a plating operation, and the carrier (72) is rotated, 
e.g., at 45 to 60 rp^m. A ra^ drain (68) removes the 
solution from the cell quiddy at tfie end of a plating oper- 



ation. A pair of spray tubes (66) witii a series of spray 
nozzles rinses the wafers witti denonized water. Sparg- 
ers (16) at tiie base of the cell ii^ect ttie plating solution, 
which proceeds generally upwards in a laminar fkm, 
and spills over a spillway (18) at the top of tfie plating 
lank. The spillway (18) comprises a series of triangiJar 
teeth wNch avoid waves or turtxilence. This arrange- 
ment can also be used for galvanic plating. 
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Description 

This invention relates to wet-process plating cells 
and equipment, and Is more particularly directed to an 
improved plating cell for electroless plating m which s 
megasonic energy is applied to the solution in the plat- 
ing cell, and in which the workpieces or sut)6trates are 
rotated during the plating process to acttieire a uniform 
deposition of the plated material. 

In a typical electroless process, ag., for copper 10 
plating a sSicon wafer, the plating solution is drctdated 
through the plating cell and a number of silicon wafers 
are held in place in a carrier or boat in the plating cell. 
The boat is grooved intemaOy to hold the wafers by their 
edges with a space between them. During the process, is 
the boat and wafers are held still, and the solution circu- 
lates around them. Fresh solution is introduced into the 
plating cell through a sparger, and excess solution spills 
over the top waD into a catch. The solution is then piped 
back to a fluid conditioning tank, where the solution is fa* 20 
tered and its temperature is acQusted. Fresh chemicals 
are added, according to the dictates of the process 
chemistry. Then the solution is returned to the sparger. 
Inregularities and inhomogeneities are inevitable in the 
flow path of the fluid past the woritpieces. These can 25 
lead to high or fow spots in the copper plating. However, 
for predston high<lensity semioonduclor wotk, extreme 
flatness is needed in each plating layer, inducing any 
copper or ottier metallic layers. 

Megasonlcs have been emptoyed in connection 30 
witti semicorxiuctor wafer processing, but only in con- 
nection with deaning of the wafers prior to plating or 
etching. Several megasonic devices have been pro- 
posed for this purpose, and some of these have been 
made the subject of U.S. patents. 35 

Shwartzman et al. US. Pat Na 4.118,649 relates 
to a transducer assembly for produdng acoustic energy 
at megasonic frequendes. i.e., from about 0.2 MHz to 
about 5 MHz, and applying the megasonic energy to a 
deaning tank. GuUi el al. U.S. Pat Ma 5,520,205 and 40 
Bran U.S. Pat Na 5.365.960 each relate to a 
megasonic leaning assembly for deaning semiconchjc- 
tor wafers in a deaning tank. The wafers are heU on a 
carrier or boat in the deaning tank. In each case, the 
megasonfo energy is used to toosen material lirom the 45 
suriace of the wafers, and it apparentiy dki not occur to 
any of the Inventors involved with the above-mentioned 
patents to apply megasonic energy for the opposite pur- 
pose, namely, to assist in depositng nriaterial on the sur- 
face of the wafers, so 

In addition, in each instance of megasonic deaning. 
the carrier or boat is hekl static in the deaning tank dur- 
ing a megasonic deaning operatfon. 

In a metal plating techruque. whether galvaruc or 
electroless, flow regime for the plating solution within ss 
the tank or cell is crucial for successful operation. Ffow 
re^me is affected by such factors as tank design, f yd 
movement wittiin the process vessel, distribution of f lukJ 



within the vessel and at the zone of introduction of the 
solution into the vessel, and the uniformity of flow of the 
fluid as it is contacts arxl ffows across ttie wafer or other 
substrata However, optimal sparger design can only 
adiieve a limited Increase in flatness of metallization, 
because of other factors affecting the ffow, espedaDy 
wittiin ttte confines of the boat or carrier. 

K is an object of the this invention to improve the 
ffow regime of a plating cell, and in particular to permit 
tiie plating process to achieve coatings of high uniform- 
ity across the surface of a sut>strate. 

It is a further object to improve a plating process tyy 
applying megasomc energy to the plating solution in ttie 
cell during a platfog operation, whfoh can be galvanic or 
electroless.0 

It is another object to improve the plating process 
by rotating the carrier and substrates within it during tiie 
plating process. 

In accordance witfi one asped of the present inven- 
tion, an electro-less plating ceil is provided lor plating 
one or more sUistrates, ag., sificon wafers, vvitii a meta^ 
layer. A sparger or equivalent Irq'ection means intro- 
duces the electroless plating solution into the plating 
cell, in which ttie substrate to be plated is submerged in 
ttie solution. The sparger initiates a laminar ffow of ttie 
plating solution, whfoh f fows aaoss ttie surface of ttie 
substrate to be plated, and ttien rises ip and spills over 
a spaiway into a catch basin or the Ilka From here, ttie 
solution is returned for refresfung, f Otration. and temper- 
ature management A megasonic transducer adjacait 
the floor of the plating ceO applies megasonic energy at 
a frequency of about 0.2 to 5 MHz to ttie solution. The 
frequency can be above 1 MHz, and n some cases 
above5MiHz. 

The flow regvne is further improved by rotating the 
stficon wafers. This is achieved by pladng the cam'er or 
boat on a rotary mount ttiat rotates, ag. at 45 - 50 RPM. 
This arrangement avoids regfons of dead ffow within ttie 
canler, and results in unifbrmity of the metallization 
ttiidoiess and quality. 

The plating arrangement can also indude a rapid 
drain feature for removing ttie.solution wittiin a few sec- 
onds from ttie plating cell at ttie end of a plating opera- 
tion. This can comprise a large drain tube, ag., one- 
and-one-tialf Inch (fameter. opening to the bottom of the 
plating cell. In addib'oa an overhead rinse arrangement 
comprises a pair of parallel tubes wftti sprinkler nozzles 
or heads di^3osed afong ttieir lengtti. These features 
combine to tenninate the plating operation rapidly when 
ttie plating operation has reached completion. 

The plating arrangement for wet plating a substrate, 
comprises a plating cell ttiat contains a solution in which 
ttie subsbBte is immersed; sparger means in ttie plating 
cell adapted to miroduce ttie solution bito ttie ceD; spiD- 
over means on ttie cell ttiat permits ttie solution to sfNil 
over from the cell into a fluid retum that is adapted to 
carry away the solution from ttie cell; cam'er means for 
hoUkig the substrate in ttie cell befow ttie spillover 
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means; ftuid conditioning means coupled between the 
return and ttie qpaiger means to remove any particulate 
matter from ttie solution, condition the solution, and 
return the sofajtion through a conduit to said sparger 
means; rotary means disposed in saki bath and hokfmg 
the canier to rotate said carrier about an axis thereof; 
and megasonic transducer means in communication 
with the plating cell for applying to the solution in the 
acoustic energy at a megasonic frequency. In one pre- 
ferred embodiment, an electroless plating system 
serves as the plating solution, and the f lind corKlitioning 
means includes make up means for adding electroless 
plating ingredients to the plating system to keep the 
plat^ solution properly in talance. Preferably the spill- 
over means on the plating cell includes a succession off 
triangidar teeth cfisposed ak>ng an upper edge of said 
plating cell. The trianguter teeth may contiruje along the 
entire periphery of said upper edge of the plating ceR. 

The wafer carrier boat has a series of grooves for 
holding a plurality of substrate disks spaced from one 
another. A hinged lid closes ever the top to retain the 
substrate disks in the carrier boat even wtien inverted. 
The carrier boat can be rotated continuously or can be 
rodod back and forth ever a rotattonal arc for example 
less than 360 degrees. 

The akxyve and other ok>iects. features, and advan- 
tages of the invention may t)eoorne apparent from the 
ensuing description of a preferred embodiment thereof; 
which should be read in conjunction with the accompa- 
nying drawings, in wliich: 

Fig. 1, formed of Rgs. 1A and IB, is a schematic 
diagram of a plating cell and reservoir assemt>ly 
according to one embodiment of the present mven- 
tion. 

Figa 2 arxi 3 are a front elevation and a perspective 
view, respectively, of the plating cell illustrating the 
megasonic transducer and rotation feature, accord- 
ing to this embodiment of the invention. 

WHh refererKe to Figs. 1 to 3 of the drawir^, an 
^ectroiess plating assemt)ly 10 for metallizing silicon 
wafers or similar articles is shown to comprise a plating 
cen 12, formed of a suitable chemically neutral material, 
e.g. polypropylena The ceO has a generally rectangular 
tank 14 with an open top and vMth a sparger or spargers 
16 disposed at the bottom. The spargers generate a 
generally laminar, upward flow of liquid in the tank 14. 
The solution spills out ever a spillway 18 formed at the 
top of tfie tank 14. The spaiway comprises a row of tri- 
angular serrations or teeth which extend over the entire 
upper periphery of the tank. An annular catch or trough 
20 sunrounds ttie spiflway 1 8 and tank 1 4, to receive the 
f kMP of solution escaping over ttie spillway. There is at 
least one drain tube 22 positioned on the catch 20. 

A generally rectangular, elongated transducer 24 is 
situated in the base or tx)ttom of the tank 1 4 at about the 
center and extending from a front end to a rear end. 



This transducer 24 Is adapted for generating megasonic 
acoustic energy wtuch is applied to the solution wifliin 
the tank 14. A variatsle frequency generator 26 applies 
an A.C. signal to the transducer 24 at a frequency in the 

5 megascHTuc ranges ttiat is, between about 200 KHz and 
atxnjt 5 MHz. The generator 26 can apply a steady sig- 
nal at a single frequency, a signal that alternates 
between two frequencies, or a signal that sweeps 
across a broad band of frequencies, depending on the 

w plating process. There is also a nitrogen purge supply 
for applying nitrogen g^ to the transducer. 

A reservoir or solution hokjing tank 30 hokis a sup- 
ply of the electro-less ptating solution, and a supply line 
32 leads from ttie tank 30. A pump 34 propels ttie solu- 

15 tion ttirough the line 32, ttirough a particle tr^ 36 and a 
solenoki valve 38, to a feed line 40 that Si9)plies fresh 
solution to the spargers 1 6. At a three-way valve 42 con- 
nected to the dirai n 22, a r^um line 44 returns the solu- 
tion from ttie platirig ce0 12 to ttie reservoir hokiing tank 

20 30. 

At tfie tank 30, a tenrperature sensor 46 senses tfie 
terrperature of the solution and signals a teniperature 
controller 48. The controller operates a heat supply 50 
tfiat sends fieat at a conlroDed rate to a fieat exchanger 

25 coil 52 within ttie tioiding tank 30. The controller also 
operates a cooling system 54, which supplies a coolant 
f lukJ to a cooling fieat exchanger coil 56 wittiin the tank 
30. A first make-up ir^ector means 58 and a second 
make-up irijector means 59 blend in additive oompo- 

30 nenis A and B, respectively, into the solution In the tank 
30, as needed. The solution in the tank 30 is thus kept 
at a controlled temperature and blend, and is filtered 
t>ek>re t>eing returned, ttirough ttie spargers 16, into ttie 
tank 14. 

35 A deionized water source 60 IS coupled to a partic- 
ulate trap 62 arxi then to a feed line 64 to supply doHon- 
ized water to a pair of spray tuties 66. These spray 
tuk>es 66 are positioned at)ove the top of the tank 1 4 arxi 
are In parallel witti each other on eHher skfe of the axis 

40 of the tank 14. The spray tii>es 66 are each provided 
witti a row of sprE^ nozzles or outtets atong the lengtti of 
thetut)es66. 

As shown in Fig. 2, the spargers 16 each have a 
row of through holes pardlei to one anottier and ori- 

45 entedgenerallytowardstheaxisofttietank14,soa8to 
generate a generally laminar ftow of the solution. Here, 
the spargers have a single row of holes but in practice 
there oouki t>e two or more parallel rows. 

The cell 12, reservoir 30, and various pkpes and 

50 fines are formed of polypropylene, or of anottier suitat)le 
oorrosionHresistant material. The material shoukJ also 
be selected to be easy to dean after an ^ectroless plat- 
ing operation. 

A rapKl drain 68 is disposed at the txittom of the 

55 plating tank 14 for rapidly draining ttie solution from ttie 
tank at the end of a plating operation. This can be a pqpe 
of relatively large diameter, here atXHit one and one-fialf 
inches Qhat is, 3.25 centimeters), so that all of the fiquid 
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in the tank can be drained away in a few seconds. The 
drain 68 connects to a three-way valve 70, leading after- 
natively to a oonvnon drah and to the return coriduit 44. 

Within the tank 14 is positioned a carrier 72 or 
'tx>ar for holding a series d workpieces, whk^h in this 5 
embodiment are senvconductor wafers 74 in the form of 
disks. Ihe cam'er is open at its top^ and has a series of 
grooves such tfiat the wafers can be posifibned in 
spaced relation and heki in place t}y their edges. The 
carrier 72 is open over much of its body, to permit sut>> to 
slantiaDy free f tow of liquids past the wafers 74. A clo- 
sure 76 is provkled, hinged at one sxie of the carrier 72. 
to hold the wafers 74 in place when the canier is 
inverted. The closure 76 has a central grooved bar that 
fHs the edges of the wafers. is 

Rotary means 80 are fitted onto the cell 12. here 
shown as a rotary drive with a belt connected to a shaft 
82 that passes throu£^ sealed bearings in the walte off 
the cell 14and catch 20. Thereisafrontdaworgripper 
84 on the shaft 82. and this gripper gnps and hokJs the 20 
cam'er or boat 72 at its front erxl. A rear daw or grqpper. 
pivotaily journalled In the rear wail of the cell 12, simi- 
larly grips the rear end of the carrier 72. The specifk; 
configuration of the daws 84. 86 and tfie rotary drive 80 
is not critical to this inventk>n, and these means can be 25 
adapted to the spedfk; application arxi to match the 
associated carrier. Alternatively, the rotary means 80 
can be ftukJ powered using tfie solutton ftow to the 
spargers. 

The rotary means 80 is here adapted for continuous 30 
rotary operation, i.a. to rotate the carrier 72 arxi its 
wafers 84 at atx>ut 45 to 60 rjpjm. However, the rotary 
means oouU be adapted to a different rotation speed, 
as necessary to the partfoular plating operaikMi. As an 
altemative. the rotary means couki be adapted to rotate 3S 
partially, or rock the carrier 72 through a limited arc» 
e.g., 90 degrees to 120 degrees. 

The plating arrangement as shown here can be 
used for electrdess plating of copper onto sTicon 
wafers, but the arrangeinent is not limited to tfiat This 40 
invention can be errfyfoyed for depositing other metals, 
or even composites or non-metals, onto sid>strates of 
sOfoon or other materials. 

The operatkxi of this plating arrangement 10 can t)e 
described briefly as follows. The disks or wafers 74 are 4s 
arranged in the respecb've slots in the carrier or kx>at 82. 
and are subjected to any necessary preparatory steps. 
e.g., a deaning operation. The latter may also emptoy 
megasonics. as in the above-kientified patents. Then 
the carrier 72 is placed in tlie lank 14 and is secured so 
between the front and rear daws 84 and 86. A Iki or 
cover 90 (Rg. 2) is then secured over the top of the 
process cell 12. The electroless plating solution is sup- 
plied from the reservoir 30 to the spargers 16 and is 
introduced into the tank 14. whtohfiUs to the level of the 55 
saw-tooth spillway 18. The solution is suppGed continu- 
ously, so that there is a continuous iq^ward ftow of the 
solution ttirou^ and past the wafers 74. The process 



continues for a prescribed length of tima During tfiis 
time, the frequency generator 26 supplies a megasonk; 
signal to the transducer 24, whtoh creates megasonfo 
waves in the sdution in the tank. The rotary means 80 
rotates the carrier 72 about its linear axis at a suitable 
speed. e.g. 45 R.P.M. These effects combine to create a 
plated copper layer of unifonm thickness and quality on 
each of the wafers 74. 

At the end of the plating period, the megasortic 
transducer is tumed off, and the supply line is tumed off 
to stop the supipfy of fresh solution to the spargers 16. 
Valve 70 is opened to drain away the solution tfirough 
tiie rapkJ drain 68. At this time, the vdve sends the solu- 
tion to the reservoir 30 via the line 44. The contents of 
the tank 14 are drained out in a few secorKls. Then the 
de-ionized water supply is turned on, and the tut>es 66 
spray dean, de-ionized water onto the wafers 74. This 
action rinses any resklual plating sdution from the 
wafers. The rinse water then proceecfe out the drain 68 
to ttie valve 70 whk:h is now switched to the common 
drain. Then the boat or carrier 74 is removed, and ttie 
wafers are subjected to the next process stepi 

It shouki be appreciated that the reservdr 30 and 
associated process management equipment can t>e 
empfoyed in conunon with a nurri^er of plating cells. In 
addition, the plating cell 12 can t>e conneded to a 
number of plating reservoirs, each containing a different 
plating sd ution assodated with different process steps. 
This technique can t>e used with both eiedrdess plating 
and electrolytic (galvanic) plating. It is possible to carry 
out electroless and electrolytic plating steps in the same 
plating ceil. 

daims 

1 . A plating arrangement for wet plating a sitetrate. 
in wfnch a plating cell (12.14) contains a solution; 
sakf suk>strate (74) being inrvnersed ttierein; a 
sparger (16) in the plating cell introduces the sdu- 
tion kito the cell (12); a spOlover (18) on saki cell 
permits ttie solution to spU over from the ceil into a 
fkik) rehjm (20) ttiat is cam'es away the sdution 
from the cell; a carrier (72) hdds the sut>strate in 
the cdl befow the spiltover (18); fhiki conditioning 
equipment (32. 34. 36) coif>led t>etween the return 
(20) and the sparger (16) tenmes any particulate 
matter from the sdution. corxfitions tiie sdution. 
arxi returns the solution through a conduit (32. 40) 
to sakt sparger (16); charaderized ki that a rotary 
mount (80. 82. 84. 86) disposed ki sakJ bath hokJs 
sakJ carrier (72) and rotates tiie same atx)ut an axis 
thereof; and in tfiat a megasonic transducer (24) in 
communtoation wrtti the plating cell (12) applies to 
the sdution in said cdl acoustk: energy at a 
megasonte frequency. 

2. The plating anangement of Claim 1 further diar- 
aderized in that the plating cell (12) is adapted for 
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plating the substrate wHh a metal layer, employing 
an electroless plating system as the plating solu- 
tion, and the fturid concftioning means includes fhid 
make up (58, 60) for adding electroless plating 
ingredients to said plating system to keep the plat- 5 
ing sobition property in balance. 

3. The plating arrangement of Claim 1 or 2 further 
characterized in that the spiltover (18) includes a 
succession of triangular teeth dsposed along an 10 
upper edge of the plating cell. 

4. The plating arrangement of Claim 3 further char- 
acterized in that the triangular te^ are disposed 
continuously along an entire periphery of said is 
upper edge of the plating ceil (14). 

5. The plating arrangement of any of the previous 
Claims further characterized in that the earner (72) 
includes a wafer earner tx>at having a series of 20 
grooves for holding a plurality of sitetrate disks 
(74) separated from one another, and which has an 
open top; and a ctosure (76) ck>sing over said top to 
retain said substrate disks (74) in said carrier boat 
when the carrier is inverted. 2S 

6. The plating arrangement of any of the prevk>u8 
C^ms further cfiaracterized in that saki rotary 
hokj^ mdudes an arrangement (80, 82) for contin- 
uously rotating saki carrier (72) in saki cell during a 30 
plating operation. 

7. The plating arrangement of any of the Claims 1 to 

5 further characterized in that sakJ rotary hokier 
includes means (80, 82) for rocking sakJcanier (72) 35 
in said ceO during a platnng operation. 

6 Tt)e plating arrangement of any of the preceding 
Claims cfiaracterized in that saki megasoruc trans- 
ducer (24) Includes an elongated transducer mem- 40 
ber disposed at a base of said eel (12) and parallel 
tottie axis of saki carrier (72). 

9. The plating arrangement of any of tfie preceding 
Claims cfiaracterized in that saki megasonic fre- 4s 
quency is about 500 KHz or abova 

10. The plating arrangement of any of the preced- 
ing C^ms further cfiaracterized in that saki cell 
(12) includes a rapki drain arrangement (68) for so 
draining the solution from saki cell (12) within a 
drain period of akxxjt ten seconds or less. 

11. The plating arrangement of Claim 10 further 
characterized in tiiat saki rapkl drain inckjdes a ss 
drain pipe (68) having a diameter of at least about 
325 centimeters. 



13- The plating arrangement of any of the preced- 
ing Claims furtiier characterized in that a rinse tUbe 
(68) is disposed above saki plating cell (14) for 
spraymg saki substrates with a rinsing fluki. 

14. The ptaftkig anrangement of Claim 13 wherein 
said rinse means includes at least one spray mech- 
£ffiism disposed above saki carrier in saki ceO. and 
means supplying saki spray mecfianism with saki 
rinsing fluki. 

15. A plating anangement for wet plating a sub- 
strate, wherein a plating cell (12) contains a solu- 
tion witii saki sut^strate t>eing immersed tiierein; a 
sparger (16) in the plating cefl introduces tfie solu- 
tion into the cell; a spiDover (18) on the cefl permits 
the solution to spill over from the ceO into a f kiki 
return (20) to carry away ttie solution from the cell 
(12, 14); a substrate cam'er (72) hokis the substrate 
in the cell t)elow the spiltever; fluki conditioning 
equipment coupled K>etween the return (20) and the 
sparger (16) removes ariy particulate matter from 
tfie solution, conditions the solutkm, and retunsthe 
solution through a conduit (32, 40) to the sparger 
(16); and cfiaracterized in ttiat a rotary mount (80, 
82, 84. 88) disposed in the bath hoMs saki canier 
C72) to rotate the same about an axis thereof during 
a plating operation. 

16. A plating arrangement for wet plating a sub- 
strate, wherein a plating cell (12) contains a solu- 
tion witii saki sut)strate b&ng Immersed tiierein; a 
sparger (16) in the plating cell (12) introduces 0ie 
solution into the cell; a spiltover (18) on ttie cell per- 
nnts the solutkm to spiO over from the ceD into a f kJki 
return (20) tiiat carries away the solution from the 
cell; a substrate canier (72) hokis tiie substrate in 
ttie cell bek)w ttie spilover; fluki conditioning equip- 
ment coupled t>etween the return (20) and tfie 
sparger (16) removes any particulate matter from 
saki solution, corxlitions the solution, and returns 
the solution through a conduit to the sparger (16); a 
substrate carrier hoUer (84, 86) Is disposed in saki 
bath and hoUs the carrier (72) in saki cell; and 
cfiaracterized in tfiat a megasonic transducer (24) 
in communk»tion with tfie plating cell (12. 14) 
appli es to the solution ki saki cell acoustic energy at 
a megasonk; trequency. 
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